Relationship of Potato Leafroll Virus to Luteoviruses: Evidence from Electron Microscope Serological Tests
(Accepted I8 October I979) SUMMARY In immunosorbent electron microscopy tests, large numbers of particles of a Scottish isolate of potato leafroll virus (PLRV) became attached to grids coated with antisera prepared to Canadian, Japanese or Swiss isolates of PLRV. Moderate numbers of particles became attached using antiserum to tobacco necrotic dwarf virus or to bean leafroll virus, smaller numbers using antiserum to soybean dwarf virus or to barley yellow dwarf virus (RPV strain) and a few particles became attached using antiserum to barley yellow dwarf virus (MAV strain) or to beet western yellows virus. A similar pattern of antigenic relationships was deduced from tests in which the binding of antibody molecules to PLRV particles exposed to different concentrations of the antisera was assessed by electron microscopy. It is concluded that these viruses should all be included in the luteovirus group and that their apparent degree of relationship to PLRV is: tobacco necrotic dwarf virus > bean leafroll virus > soybean dwarf virus > barley yellow dwarf virus (RPV strain) > barley yellow dwarf virus (MAV strain).
Potato leafroll virus (PLRV) is transmitted in the persistent manner by aphids but not by inoculation with sap, and has isometric particles about 25 nm in diam. (Peters, I97O) . In these properties it resembles members of the luteovirus group (Shepherd et al. I976). However, particles of barley yellow dwarf virus, the type member of this group, contain RNA (Brakke & Rochow, t974) , and PLRV particles were claimed by Sarkar 0976) to contain DNA. More recently, Takanami & Kubo (I979a) and found that the particles of Japanese and Canadian isolates of PLRV contain RNA, thus apparently confirming the close similarity between PLRV and luteoviruses.
The possible relatedness of PLRV and the definitive luteoviruses is as yet supported only by indirect serological evidence. Duffus & Gold 0969) failed to detect any neutralization of PLRV infectivity by an antiserum to beet western yellows virus and Murayama & Kojima (I974) did not detect any reaction between PERV particles and an antiserum to soybean dwarf virus in gel-diffusion precipitin tests. PLRV is, however, quite closely related serologically to tobacco necrotic dwarf, a virus recently discovered in Japan which is transmitted by aphids in the persistent manner (Kubo & Takanami, I977) and is distantly related serologically to soybean dwarf virus (T. Tamada, unpublished results). In this paper we describe the application of improved methods of immunosorbent electron microscopy (ISEM; Roberts & Harrison, I979) , and of electron microscopy of antiserum/virus mixtures, to the detection of serological relationships between PLRV and both definitive and tentative members of the luteovirus group.
The culture of PLRV used in this work is a Scottish field isolate from potato cv. Cara grown at the Scottish Horticultural Research Institute. It could be transmitted from potato by the aphid Myzus persicae to seedlings of Claytonia perfoliata, Datura stramonium and Physalis floridana but not to Brassica rapa, Gomphrena globosa or Vicia faba. In D. stramonium and P. floridana it caused symptoms typical of PLRV (Peters, I97o) .
oo22-I317/8o/oooo-3924 $o2.oo © I98o SGM For ISEM, batches of electron microscope grids were coated with a range of antisera and then floated on extracts of PLRV-infected or virus-free potato leaf-vein tissue as described by Roberts & Harrison (1979) . The virus antisera used, and their quoted homologous titres and suppliers were as follows: barley yellow dwarf virus, MAV strain 0/4o96, W.F. Rochow); barley yellow dwarf virus, RPV strain (1/4o96, W. F. Rochow); bean leafroll virus (1/512, J.W. Ashby); beet western yellows virus (1/625, J.E. Duffus); potato leafroU virus, Canadian isolate (I/256 , R. Stace-Smith); potato leafroll virus, Japanese isolate t (1/512, M. Kojima); potato leafroll virus, Japanese isolate 2 (1/IO24, S. Kubo); potato leafroll virus, Swiss isolate 0/Io24, P. Gugerli) ; raspberry ringspot virus, Scottish isolate (I/iO24, B.D. Harrison); soybean dwarf virus (I/IO24, T. Tamada); tobacco necrotic dwarf virus (I/I o24, S. Kubo). The titre of the beet western yellows virus antiserum was determined in infectivity neutralization tests and the titres of the other antisera were determined in gel-diffusion precipitin tests. Before use, all antisera were diluted I/IOOO in 60 raM-phosphate buffer, pH 6"5 (PB). Electron microscope grids carrying carbon films were floated on antiserum for about I h at 37 °C, washed thoroughly by floating twice for I5 min on PB and then floated for I to 4 h at 4 °C on 1o #l drops of an extract of PLRV-infected potato cv. Cara leaf-vein tissue that was prepared by grinding in PB (2 to 4 ml/g tissue). The specimens were then stained with uranyl formate/NaOH and the numbers of PLRV particles per standard area (SA) (IOOO #m 2) were recorded; particle numbers were assessed by examining 3o to 3oo electron microscope fields of view at about 2oooo x, depending on the numbers of particles observed (Roberts, I98O) .
No PLRV-like particles were observed when grids coated with any of the antisera were exposed to extracts of virus-free potato leaf-vein tissue and very few (< Io/SA) were seen when uncoated grids or grids coated with antiserum to raspberry ringspot virus were exposed to PLRV-containing extracts. In contrast, more than 8oo0 particles/SA became attached in 4 h to grids coated with any one of the four PLRV antisera, indicating that the Scottish isolate of PLRV used as the antigen is closely related serologically to the Canadian, Japanese and Swiss isolates used to prepare the antisera (Fig. 1) . Of the grids coated with other antisera, those with antiserum to bean leafroll virus or to tobacco necrotic dwarf virus bound 40oo to 65oo PLRV particles/SA in 4 h and those with antiserum to barley yellow dwarf virus (RPV strain) or to soybean dwarf virus bound 400 to 700 particles/SA. Grids coated with antiserum to barley yellow dwarf virus (MAV strain) or to beet western yellows virus bound only 80 to I5o particles/SA (Fig. I) ; however, similar numbers of particles were bound in replicate experiments and they are at least eightfold greater than the numbers of particles bound to uncoated grids or to grids coated with raspberry ringspot virus antiserum. These results indicate that PLRV is related serologically to luteoviruses. They confirm its close serological relationship to tobacco necrotic dwarf virus (Kubo & Takanami, I978) , suggest a closer relationship to bean leafroll virus than to soybean dwarf or to barley yellow dwarf (RPV strain) viruses and provide evidence of an apparently still more distant relationship to barley yellow dwarf (MAV strain) and beet western yellows viruses.
To obtain further evidence on the extent of the relationship between PLRV and these other viruses, mixtures of purified PLRV with dilutions of different antisera were incubated for 2 h at 4 °C and then examined by electron microscopy to assess the proportion of virus particles to which antibody molecules were bound. PLRV was purified from I kg batches of infected potato leaf (cv. Cara), essentially as described by Takanami & Kubo (1979b) and was diluted in PB to about 5 #g/ml; each antiserum was used at a range of dilutions in PB.
The reaction end-point of an antiserum was taken as the greatest dilution at which antibody molecules could be seen attached to all virus particles. However, because of the At concentrations of these antisera appreciably greater than those at their reaction end-points, more than 95 % of the PLRV particles were clumped together in large aggregates in which individual particles could not easily be discerned. However, at concentrations close to the reaction end-points, the particles were mostly unaggregated or in loose clusters of up to zo particles (Fig. 2) . In control tests, particles of raspberry ringspot virus were neither aggregated nor coated with antibody molecules when they were exposed to any of these antisera at dilutions of r/I6 to I/5Iz, but they were aggregated and coated when exposed to homologous antiserum at these dilutions.
The results of the antibody-binding tests confirm and extend the findings from ISEM. The extent of the relationship between PLRV and the other viruses would seem to be: tobacco necrotic dwarf > bean leafroll > soybean dwarf > barley yellow dwarf (RPV strain). Also, the consistent binding of small numbers of PLRV particles to grids coated with antiserum to barley yellow dwarf virus (MAV strain) or to beet western yellows virus is suggestive of a more distant relationship to these two viruses. However, the homologous titre of the antiserum to beet western yellows virus was estimated by a more sensitive technique than that used for the other antisera and any substantial over-estimate of its potency could have led to an under-estimate of its relatedness to PLRV. Indeed, antiserum to PLRV (Canadian isolate) has been found to react with beet western yellows virus in infectivity neutralization tests (J. E. Duffus, personal communication).
